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(54) Optically dissimilar compositions for polymeric reflective bodies. 

(57) A multilayered reflective body which is thermofonmable and capable of being fabricated into films, 
sheets and a variety of parts while maintaining a uniform reflective appearance is provided. The 
reflective polymeric body includes at least first and second diverse polymeric materials of a sufficient 
number of alternating layers of the first and second polymeric materials such that at least 30 percent of 
the light incident on the body is reflected. A substantial majority of the individual layers of the body have 
an optical thickness of not more than 0.09 micrometers or not less than 0.45 micrometers, and adjacent 
layers of the first and second polymeric materials differ from each other in refractive index by at least 
0.1. The reflective body may be fabricated into sheets, mirrors, nonconroding metallic appearing articles 
and parts, reflectors and reflective lenses. 
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The present invention relates to a multilayered polymeric body which reflects light and which can be fab- 
ricated to have a silvery or hued (that is, copper, gold, etc.) metallic or nonconventional hued (that is, blue, 
green, etc.) appearance, and to articles produced therefrom which may find use as mirrors, reflectors, lenses 
and polarizers. 

5 Highly reflective articles (that is, articles having a reflectance of 70 to 85 percent or greater) are generally 

sought by industry for a number of uses. Conventional methods for fabricating reflective surfaces include form- 
ing such surfaces of highly polished metals. Because of the high costs and fabricating problems involved in 
using metals, more recently fabricators have used plastic surfaces which contain thin coatings of metal thereon. 
Thus, metal coated plastic articles are now commonly found as both decorative and functional items in a number 

10 of industries. Such articles are used as bright work for consumer appliances such as refrigerators, dishwashers, 
washers, dryers and radios. These types of articles are also used by the automotive industry as head lamp 
reflectors, bezels, radio knobs and automotive trim. 

Typically, such metal coated plastic articles are formed by electroplating or by the vacuum, vapor, or chem- 
ical deposition of a thin metal layer on the surface of the article. Such coatings are subject to the chipping and 

15 flaking of the metal coatings as well as corrosion of the metal over time. If additional protective layers must be 
applied over the metal coating to protect it, additional labor and materials costs are involved. Further, there 
may be environmental disposal problems with some metal deposition processes. 

Multilayer articles of polymers are known, as are methods and apparatuses for making such articles. For 
example, such multilayered articles may be prepared utilizing multilayer coextrusion devices as described in 

20 commonly-assigned U.S. Patent Nos. 3,773,882 and 3,884,606 to Schrenk. Such devices are capable of si- 
multaneously extruding diverse thermoplastic polymeric materials in substantially uniform layer thicknesses. 
The number of layers may be multiplied by the use of a device as described in commonly-assigned U.S. Patent 
No. 3,759,647 to Schrenk et al. 

Im et al, U.S. Patent No. 4,540,623, teach a multilayer laminated article which includes a polycarbonate 

25 as one of the alternating layers. The articles of Im et al, however, are intended to be transparent rather than 
reflective and to exhibit optical properties comparable to a pure polycarbonate polymer. 

Alfrey, Jr. et al, U.S. Patent No. 3,711,176, teach a multilayered highly reflective thermoplastic body fab- 
ricated using thin film techniques. That is, the reflective thin film layers of Alfrey, Jr. et al relied on the construc- 
tive interference of light to produce reflected visible, ultraviolet, or infrared portions of the electromagnetic spec- 

30 trum. Such reflective thin films have found use in decorative items because of the iridescent reflective qualities 
of the film. 

However, the films of Alfrey, Jr. et at are extremely sensitive to thickness changes, and it is characteristic 
of such films to exhibit streaks and spots of nonuniform color. Further, color reflected by such films is dependent 
on the angle of incidence of light impinging on the film. Thus, such films are not practical for uses which require 

35 uniformity of reflectivity. Moreover, such films are not practical to thermoform into articles as localized thinning 
of the layers during thermoforming causes alterations in the reflective characteristics of the films. 

In addition to the problems discussed above, many reflective articles such as those used in the automotive 
industry are exposed to extreme environmental conditions and do not exhibit good weatherability or resistance 
to solvents. Further, many of the films used in the production of reflective articles exhibit poor ductility and are 

40 thus difficult to thermoform into articles. 

Accordingly, there remains a need in the art for a polymeric reflective sheet or body which can be fabricated 
into relatively thick parts without alteration of the uniform reflective appearance of the material over a range of 
processing conditions and part geometry. Further, there is a need for a highly reflective polymeric sheet or body 
which can be post formed without alteration of the uniform reflective appearance of the material. Still further, 

45 there is a need for silvery or metallic appearing articles which do not use metal and which exhibit good ductility, 
good weatherability, and resistance to solvents. 

The present invention meets those needs by providing a multilayered polymeric reflective body which is 
post fonmable and capable of being fabricated into a variety of shapes while maintaining a uniform highly re- 
flective appearance. The terms "reflective", "reflectivity", "reflection", and "reflectance" as used herein refer to 

so total reflectance (that is, ratio of reflected wave energy to incident wave energy) sufficiently specular in nature 
such that the polymeric body has a metallic appearance. The use of these terms is intended to encompass 
semi-specular or diffuse reflection such as that of brushed metal and pewter. In general, reflectance measure- 
ment refers to reflectance of light rays into an emergent cone with a vertex angle of 1 5 degrees centered around 
the specular angle. 

55 A specific intensity of reflectance, when used herein, is the intensity of reflection which occurs at a wave- 
length where negligible absorption occurs. For example, a silver appearing article reflects substantially all visi- 
ble wavelengths, whereas the introduction of a dye to achieve other metallic hues will necessarily lower reflec- 
tivity of the body at the absorbing wavelengths. Wavelengths unaffected by the dye will be reflected at essen- 
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tially the same intensity as a non-dyed sample, and it is at these unaffected wavelengths to which the intensity 
of reflection is referring. 

According to one aspect of the present invention, a reflective polymeric body of at least first and second 
diverse polymeric materials is provided, the body comprising a sufficient number of alternating layers of the 

5 first and second polymeric materials such that at least 30 percent of light incident on the body is reflected. As 
used herein, the term "light" is meant to encompass not only visible light but also electromagnetic radiation in 
both the infrared and ultraviolet regions of the spectrum. The term "at least 30 percent of light incident on the 
body" refers, as discussed above, to reflected light at wavelengths where negligible absorption occurs. 

A substantial majority of the individual layers of the body have an optical thickness of not more than 0.09 

10 micrometers or not less than 0.45 micrometers with at least one of the individual layers having an optical thick- 
ness of not less than 0.45 micrometers. The individual layers should have an optical thickness such that no 
visibly perceived iridescence is reflected from the body. In general, where at least 75 percent of the individual 
layers have at least an optical thickness of 0.45 micrometers or greater or 0.09 micrometers or less, there is 
no visibly perceived iridescence. The first and second polymeric materials should differ from each other in re- 

15 fractive index by at least 0.1 . 

In a preferred embodiment of the invention, highly reflective bodies reflecting from 70-85 percent and great- 
er of light incident on such bodies are provided by selecting polymers having large refractive index mismatches. 
We have previously described reflective polymeric bodies in which the refractive index mismatch between the 
first and second polymeric materials is approximately 0.1 . To produce highly reflective bodies (that is, 70 to 85 

20 percent or greater reflectance) using these materials requires a large number of alternating layers (that is, 2000 
or more). The need for a large number of layers in the body may present processing difficulties in generating 
that number of layers and maintaining the integrity of each layer without layer distortion, fragmentation, or in- 
termixing. Additionally, the larger the number of layers which are required, the greater the minimum thickness 
for the body which is produced. 

25 By increasing the mismatch in refractive index between polymers in the layers, highly reflective bodies may 

be produced which require fewer layers. Preferably, the selection of polymers having refractive index mismatch- 
es of greater than about 0.1 produces highly reflective bodies with a fewer number of layers and suitable total 
thicknesses. 

Certain substantially transparent polymers having either a relatively high refractive index or a relatively low 

30 refractive index are suitable for use in the present invention. In one embodiment of the invention, one of the 
polymeric materials is a copolycarbonate of bisphenol-A and 4,4'-thiodiphenol. The copolymer may comprise 
from 5-80 mole percent 4,4'-thiodiphenol and from 20-95 mole percent bisphenol-A. Preferably, the 4,4'-thio- 
diphenol is present in a mole ratio of approximately 3 to 1 relative to the bisphenol-A. Such a copolymer has 
a refractive index of greater than 1.6. 

35 The polymeric body comprises alternating layers of diverse polymeric materials. In one embodiment of the 

invention using a layer pattern of repeating units ABAB, the first (B) polymeric material comprises a copolycar- 
bonate of bisphenol-A and 4,4'-thiodiphenol and the second (A) material comprises polymethyl methacrylate. 
The resulting reflective polymeric body has increased reflectivity for a lesser number of layers due to the greater 
refractive index mismatch of the copolymer and the polymethyl methacrylate. 

40 In another embodiment of the invention, one of the first polymeric materials is comprised of a miscible blend 

or copolymer of polymethyl methacrylate and polyvinylidene fluoride. The blend may comprise from 95 to 5 
weight percent polymethyl methacrylate and from 5 to 95 weight percent polyvinylidene fluoride, while the co- 
polymer may comprise from 95 to 5 mole percent methyl methacrylate and from 5 to 95 mole percent vinylidene 
fluoride. Preferably, the polymethyl methacrylate is present in the blend in roughly equal proportions with poly- 

45 vinylidene fluoride. Such a blend has a refractive index of only 1.45. In combination with a bisphenol-A poly- 
carbonate or a copolycarbonate derived from thiodiphenol and bisphenol monomers using a layer pattern of 
repeating units ABAB, the resulting multilayer bodies exhibit increased reflectivity for a lesser number of layers 
due to the refractive index mismatch of the copolycarbonate (refractive index 1 .64) and the polymethyl metha- 
crylate/polyvinylidene fluoride blend (refractive index 1 .45). 

50 In another embodiment of the invention, one of the polymeric materials comprises a miscible blend of poly- 

methyl methacrylate and a fluoropolymer where the fluoropolymer is a copolymer of vinylidene fluoride and a 
fluorocarbon monomer selected from the group consisting of chlorofluoroethylene, chlorodifluoroethylene, 
chlorotrifluoroethylene, hexafluoroacetone, hexafluoropropylene, hexafluoropropene, pentafiuoropropylene, 
trifluoroethylene, tetrafluoroethylene, and vinyl fluoride. Preferably, the blend comprises from 95 to 5 weight 

55 percent polymethyl methacrylate and from 5 to 95 weight percent fluoropolymer. Preferred second polymeric 
materials in the multilayer body include a copolycarbonate of thiodiphenol and bisphenol-A or a bisphenol-A 
polycarbonate. 

In yet another embodiment of the invention, one of the polymeric materials comprises a copolymer of methyl 
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methacrylate, vinyl idene fluoride and a fluorocarbon monomer selected from the group consisting of chloro- 
fluoroethyiene, chlorodifluoroethylene, chlorotrifluoroethylene, hexafluoroacetone, hexafluoropropyiene, hex- 
afluoropropene, pentafluoropropylene, trifluoroethylene, tetrafiuoroethylene, and vinyl fluoride. Preferably, the 
copolymer comprises from 90 to 10 mole percent methyl methacrylate, from 5 to 45 mole percent vinylidene 

5 fluoride, and from 5 to 45 mole percent fluorocarbon monomer. A preferred second polymeric material in the 
multilayer body is a copolycarbonate of thiodiphenol and bisphenol-A. 

In another embodiment of the invention, the polymeric materials differ from each other in refractive index 
by at least 0.03. In this embodiment, the polymeric reflective bodies are prepared from polymethyl methacry- 
late/polyvinylidene fluoride miscible blends or copolymers. Use of these materials results in a polymeric body 

10 which is more resistant to solvents, more ductile and more weatherable. In one embodiment, the first material 
comprises polyvinylidene fluoride and the second polymeric material comprises copolymers or a miscible blend 
of from 100 to 45 percent polymethyl methacrylate and from 0 to 55 percent polyvinylidene fluoride (blend per- 
centages by weight; copolymer percentages by moles). In another embodiment, the first polymeric material 
comprises polymethyl methacrylate and the second material comprises a miscible blend of from 0 to 60 weight 

15 percent polymethyl methacrylate and from 100 to 40 weight percent polyvinylidene fluoride. 

In still another embodiment, the first polymeric material comprises polymethyl methacrylate and the second 
polymeric material comprises a copolymer of from 0 to 80 mole percent methyl methacrylate, from 60 to 10 
mole percent vinylidene fluoride, and from 40 to 10 mole percent of a fluorocarbon monomer selected from the 
group consisting of chlorofluoroethylene, chlorodifluoroethylene, chlorotrifluoroethylene, chlorotrifluoroethy- 

20 lene, hexafluoroacetone, hexafluoropropyiene, hexafluoropropene, pentafluoropropylene, trifluoroethylene, 
tetrafluoroethylene, and vinyl fluoride. 

An outer layer may be included as a protective surface or skin layer for the multilayer body and may form 
both major exterior surfaces for an ABAB repeating unit body. The skin layer may be sacrificial, or may be per- 
manent and serve as a scratch resistant or weatherable protective layer. Further, such skin layers may be post 

25 applied to the body after coextrusion. For example, a skin layer may be applied as a sprayed on coating which 
acts to level the surface of the body to improve optical properties and impart scratch resistance, chemical re- 
sistance and/or weatherability. The skin layer may also be laminated to the multilayered body. Lamination is 
desirable for those polymers which are not readily coextrudable. 

In a preferred form, the polymeric body is coextruded and every other layer in the ABAB repeating unit is 

30 a thick optical layer of 0.45 micrometers or greater while the other layer is a very thin optical layer of 0.09 mi- 
crometers or less. In certain embodiments of the invention, to obtain high reflectivity it is desirable to form the 
reflective polymeric body to comprise at least 500 or more layers. Increasing the number of layers in the poly- 
meric body has been found to increase its reflectivity (that is, the percentage of incident light reflected from the 
body). Thus, by controlling the number of layers, the degree of reflectivity of the article may be controlled. 

35 In some embodiments of the invention it may be desirable to incorporate coloring agents such as dyes or 
pigments into one or more of the individual layers of the polymeric body. This can be done to one or both of 
the outer or skin layers of the body, or alternatively, the coloring agent may be incorporated into one or more 
interior layers in the body. The coloring agent: may be selected to give the polymeric body a metallic appearance 
other than its normal silvery appearance such as bronze, copper, or gold, for example. 

40 Different colors such as black, blue, red, yellow and white may also be incorporated in the body. Typically, 

pigmented coloring agents or dyes are used on exterior surface layers. Coloring agents may be used in com- 
bination to provide desirable coloring and optical properties. For example, a pigmented white coloring agent 
may be used in an interior surface while a colored dye, such as blue, yellow, red, or green may be included on 
one or more surface layers to provide a unique reflective colored effect. 

45 Further, white the normal surface of the body is smooth to give a highly reflective silver appearance, in some 
instances it may be desirable to give the surface of the body a roughened or brushed appearance to simulate 
a brushed metallic appearance. Further, a solvent may be used to etch the surface of the multilayer body to 
provide a matte or pewter look to the body. Additionally, the body may be embossed with a variety of patterns 
to provide desirable optical effects. The polymer systems may be chosen to be semicrystalline to provide a 

so more diffused reflection for aesthetic or functional control of light. 

The reflective polymeric body of the present invention may find several applications. In another embodi- 
ment of the invention, the reflective body may be fabricated as a mirror-like polymeric article having at least 
first and second major surfaces, the article comprising a sufficient number of alternating layers of first and sec- 
ond polymeric materials such that at least 30 percent of the light incident on the article is reflected. A substantial 

55 majority of the individual layers of the article have an optical thickness of not more than 0.09 micrometers or 
not less than 0.45 micrometers, with at least one of the individual layers having an optical thickness of at least 
0.45 micrometers, and wherein the first and second polymeric materials differ from each other in refractive index 
by at least 0.1. In this embodiment of the invention, the first polymeric material comprises a copolycarbonate 
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of bisphenol-A and 4,4'-thiodiphenol and the second polymeric material comprises polymethyl methacrylate. 
In another variant of this embodiment, the first material comprises bisphenol-A polycarbonate or a copolycar- 
bonate derived from thiodiphenol and bisphenol monomers and the second polymeric material comprised of a 
miscible blend or copolymer of polymethyl methacrylate and poiyvinylidene fluoride. 

5 To provide the mirror-like quality to the article, one of the major surfaces preferably includes a light absor- 

bent layer, such as a layer of a black or other colored pigment. The light absorbent layer may be coextruded 
or applied as a lacquer, paint, or lamination. Alternatively, increasing the number of individual layers or increas- 
ing the refractive index mismatch between polymers results in increased reflectance of incident light from the 
article resulting in a mirror-like quality in the article. 

10 The reflective polymeric body of the present invention may also be fabricated to appear mirror-like on all 
major surfaces by coextruding a light absorbing layer in the interior of the article. Thus, a mirror-like polymeric 
article is provided which has at least first and second major surfaces, with the article comprising an interior light 
absorbing layer and a sufficient number of alternating layers of first and second polymeric materials such that 
at least 30 percent of light incident on the article is reflected on at least one side of the interior light absorbing 

15 layer. A substantial majority of the individual layers of the article have an optical thickness of not more than 
0.09 micrometers or not less than 0.45 micrometers, while the first and second polymeric materials differ from 
each other in refractive index by at least 0.1. In this embodiment of the invention, the first polymeric material 
comprises a copolycarbonate of bisphenol-A and 4,4'-thiodi phenol and the second polymeric material compris- 
es polymethyl methacrylate. In another variant of this embodiment, the first material comprises bisphenol-A 

20 polycarbonate or a copolycarbonate derived from thiodiphenol and bisphenol-A monomers and the second 
polymeric material comprises a miscible blend or copolymer of polymethyl methacrylate and poiyvinylidene flu- 
oride. 

The reflective polymeric body of the present invention may also be fabricated to act as a birefringent light 
polarizer which polarizes a broad band of the electromagnetic spectrum. The polarizer is fabricated of at least 

25 first and second diverse polymeric materials, with the polarizer comprising a sufficient number of alternating 
layers of the first and second polymeric materials such that at least 30 percent of light incident in the plane of 
polarization on the polarizer is reflected in the plane of polarization. A substantial majority of the individual layers 
of the polarizer have an optical thickness of not more than 0.09 micrometers or not less than 0.45 micrometers, 
while the first and second polymeric materials differ from each other in refractive index by no more than 0.03 

30 in one plane of the polarizer. In a preferred embodiment, the difference in refractive index between the first and 
second polymeric materials is caused by selecting polymers having differing stress optical coefficients and then 
stretching those materials in a uniaxial direction to orient the polymeric materials. In this embodiment of the 
invention, the first polymeric material comprises a copolycarbonate of bisphenol-A and 4,4'-thiodiphenol having 
a positive stress optical coefficient and the second material comprises a suitably chosen polymer having a neg- 

35 ative stress optical coefficient such as polystyrene. In another variant of this embodiment, the first material com- 
prises a suitably chosen polymer having a negative stress optical coefficient and the second polymeric material 
comprises of a miscible blend of polymethyl methacrylate and poiyvinylidene fluoride. The stress optical coef- 
ficient of blends of polymethyl methacrylate and poiyvinylidene fluoride may be composition ally adjusted as 
polymethyl methacrylate has a slightly negative stress optical coefficient while poiyvinylidene fluoride has a 

40 strongly positive stress optical coefficient. 

Additionally, the multilayer reflective polymeric bodies of the present invention may be formed into a number 
of decorative and/or structural parts. The bodies may be formed by coextrusion techniques initially into sheets 
which may then be post formed. Such post forming operations may include thermoforming, vacuum forming, 
or pressure forming. Further, through the use of forming dies, the multilayer reflective body may be initially 

45 formed into a variety of useful shapes including profiles, tubes, parisons which can then be formed into blow- 
molded containers. 

The reflective polymeric bodies of the present invention are also useful in applications such as optical in- 
terference films which reflect wavelengths of light in the infrared region of the spectrum while being transparent 
to wavelengths of light in the visible spectrum. Such optical interference films may be comprised of multiple 
so alternating layers of first, second and third diverse polymeric materials having an optical thickness of between 
0.09 and 0.45 micrometers. The reflective polymeric bodies of the present invention are also useful in that ap- 
plication. 

Accordingly, it is an object of the present invention to provide a highly reflective polymeric body which can 
be fabricated into a variety of parts, is post formable, and which has a uniform, highly reflective appearance. 
55 This, and other objects and advantages of the invention will become apparent from the following detailed de- 
scription and the appended claims. 

The present invention provides a highly reflective multilayer polymeric body made up of from a hundred to 
several thousand alternating layers of polymers which differ from each other in refractive index. A substantial 
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majority of the individual layers of the polymeric materials have an optica! thickness of not more than 0.09 mi- 
crometers or not less than 0.45 micrometers, where the optical thickness is defined as the product of the indi- 
vidual layer thickness times the refractive index of the polymeric material which makes up that layer. Preferably, 
the individual layers which make up the multilayer body are substantially continuous. 

5 Thus, the multilayer reflective polymeric body of the present invention is made up of multiple alternating 

optically thick or very thin layers, as opposed to the multilayer "thin film" articles of the prior art. For purposes 
of optical properties, that is, reflectance and transmittance, a thin film can be described as a film thinner than 
one wavelength of light at which the film will be applied. Thus, for films to be used in the visible wavelength 
band, a thin film is described in the literature as one whose thickness, D, is less than 0.5 micrometer or whose 

10 optical thickness, ND (where N is the refractive index of the material) is less than 0.7 micrometers. Vasicek, 
Optics of Thin Films (1960) at pages 100 and 139. 

Prior art thin film layer articles describe interference films which rely on the constructive optical interference 
of light to produce intense reflected light in the visible, ultraviolet, or infrared portions of the electromagnetic 
spectrum for normal incidence according to the equation: 

15 Xm = (2/mHNiD, + N 2 D£, 

where Xm is the reflected wavelength in nanometers, l^ and N 2 are the refractive indices of the alternating poly- 
mers, D t and D 2 are the thickness of the respective layers of polymers in nanometers, and m is the order of 
reflection (m=1 ,2,3,4,5). Each solution of the equation determines a wavelength at which an intense reflection, 
relative to surrounding regions, is likely to occur. The intensity of the reflection isafunction of the "f-ratio" where, 

20 for a two component system, 

f = N 1 D 1 /(N 1 D 1 + NaDJ 

By proper selection of the f-ratio, one can exercise some degree of control over the intensity of reflection 
of the various higher order reflections. For example, first order visible reflections of violet (0.38 micrometer wa- 
velength) to red (0.68 micrometer wavelength) can be obtained with layer optical thicknesses between 0.075 

25 to 0.25 micrometers. Iridescent films may also be designed to reflect visible light at higher order reflectances, 
although at lower intensities. 

As can be seen, such thin film polymeric bodies are strongly dependent upon film (and individual layer) 
thickness to determine reflected wavelength. Such thin films are extremely sensitive to thickness changes, and 
it is characteristic of such thin films to exhibit nonuniform streaks and spots of color. 

30 The multilayer bodies of the present invention do not display vivid iridescence. In fact, it is an important 

object of this invention specifically to avoid layer thicknesses which result in substantial iridescent color. By 
keeping all layers sufficiently optically thick or optically very thin, higher order reflections are so closely spaced 
that the human eye perceives the reflection to be essentially silver and non-iridescent. 

Articles made in accordance with the present invention exhibit a uniform silvery reflective appearance, not 

35 the multicolored, iridescent appearance common to prior art thin film multilayer articles. Rather, the reflective 
characteristics of the multilayer bodies of the present invention are governed by the following equation: 

R = (kr)/(1 + (k - 1)r) x 100, Equation 1 
where R is the amount of reflected light (percent), k is the number of optically thick or optically very thin film 
layers, and r = [(N 1 - ^/(N, + N^k- See Vasicek, Optics of thin Films (1960) at pages 69-70. 

40 This equation indicates that the intensity of the reflected light is a function only of r and k, where r and k 

are defined as above. As a close approximation, R is a function only of the refractive index mismatch of the 
two polymer components and the total number of layer interfaces. This relationship contrasts greatly with that 
of prior thin film articles whose reflectivity is highly sensitive to layer thickness and angle of view. 

Thus, the reflected wavelength of light from the multilayer polymeric body of the present invention is inde- 

45 pendent of both individual layer and total structure thickness over a wide processing range, so long as a sub- 
stantial majority of the individual layers has an optical thickness of not less than 0.45 micrometers, or not greater 
than 0.09 micrometers. Uniformity of reflection is inherent in the design of the body. Moreover, a gradient of 
layer thickness through the thickness of the body is neither detrimental nor advantageous to the appearance 
of the body as long as a substantial majority of the individual layers of the polymers maintains an optical thick- 

50 ness as described above. This again contrasts with prior thin film articles which reflect broad or narrow band- 
widths depending upon layer thickness gradient. 

Thus, it is not necessary for all of the layers in the reflective polymeric bodies of the present invention to 
have optical thicknesses of 0.45 micrometers or greater or 0.09 micrometers or less. The preferred coextrusion 
process for fabricating the polymeric bodies of the present invention may introduce layer thickness variations 

55 both through the thickness of the body and in the plane of individual layers. Variation in layer thicknesses of 
each polymeric component can be as much as 300 percent or more. However, useful reflective bodies and ar- 
ticles may be made even with such wide variations as long as a substantial majority of the layers have an optical 
thickness of not more than 0.09 micrometers or not less than 0.45 micrometers. With this condition met, there 

6 



BP 0 514 223 A1 

is an absence of visibly perceived interference colors reflected from bodies and articles of the present invention. 

The absence of the interference colors which characterize prior art thin films is somewhat subjective to the 
human eye. However, we have found that 75 percent of the layers in the body must have optical thicknesses 
greater than 0.45 micrometers or less than 0.09 micrometers to obtain the broad band, visually uniform reflec- 

5 tance of substantially all wavelengths (white light) which characterizes the present invention. A minority of 25 
percent or fewer of the layers having optical thicknesses of greater than 0.09 and less than 0.45 micrometers 
have been found to have interference reflections of a sufficiently low intensity so that the body will have es- 
sentially no visibly perceived iridescence. 

The reflective polymeric bodies of the present invention become more highly reflective of incident light (that 

10 is, transmit less light) as the number of layers is increased. Preferably, the number of layers is sufficient to pro- 
duce an article which will reflect at least 30 percent of the incident light, for those wavelengths for which there 
is negligible absorption. Reflectances below 30 percent are not sufficient to be readily observed. If it is desired 
to use the reflective polymeric body of the present invention as a mirror, adding additional layers will increase 
the reflectance of the body to 50 percent or higher to produce a silvery, mirror-like appearance. 

15 The reflectivity of the bodies is also dependent upon the difference in refractive index between the two poly- 
mers used. That is, the greater the difference in refractive index, the greater the reflectivity of the body. In a 
preferred embodiment of the invention, highly reflective bodies reflecting from 70 to 85 percent and greater of 
light incident on such bodies are provided by the selection of polymers having refractive indices which differ 
from one another by at least 0.1 . 

20 Accordingly, it can be seen that the reflective nature of the polymeric bodies may be controlled by the se- 
lection of polymers having differing refractive indices and/or by fabricating the body to have additional layers. 

The highly reflective multilayered polymeric bodies of the present invention preferably comprise alternating 
layers of a generally transparent thermoplastic materials having refractive indices differing by at least 0.1 . Suit- 
able thermoplastic resins, along with representative refractive indices, which may be used in the practice of 

25 the present invention include, but are not limited to: copolycarbonates of bisphenol-A and 4,4-thiodiphenol (re- 
fractive index = 1 .59 to 1 .64), blends of polymethyl methacrylate and polyvinylidene fluoride (1 .38 to 1 .49), bi- 
spheno! A polycarbonate (1 .59), copolymers of methyl methacrylate and vinylidene fluoride (1 .42 to 1 .38), poly- 
methyl acrylate (1 .48), polymethyl methacrylate (1 .49), blends and copolymers of polymethyl methacrylate and 
polyvinylidene fluoride; copolymers of vinylidene fluoride and other halogenated monomers such as chloro- 

30 fluoroethylene, chlorodifluoroethyiene, chlorotrifluoroethylene, hexafluoroacetone, hexafluoropropylene, hex- 
afluoropropene, pentafluoropropylene, trifluoroethylene, tetrafluoroethylene, and vinyl fluoride blended with 
polymethyl methacrylate; blends of polyvinylidene fluoride and polyvinyl acetate); copolymers of methyl me- 
thacrylate, vinylidene fluoride, and a monomer selected from the group consisting of chlorofluoroethylene, 
chlorodifluoroethyiene, chlorotrifluoroethylene, chlorotrifluoroethylene, hexafluoroacetone, hexafluoropropy- 

35 lene, hexafluoropropene, pentafluoropropylene, trifluoroethylene, tetrafluoroethylene, and vinyl fluoride blend- 
ed with polymethyl methacrylate; blends of polyvinylidene fluoride and polyvinyl acetate); perfluoroalkoxy res- 
ins (1.35); polytetrafluoroethylene (1.35); fluorinated ethylene-propylene copolymers (1.34); silicone resins 
(1.41); polyvinylidene fluoride (1.42); polychlorotrifluoroethylene (1.42); epoxy resins (1.45); poly(butyl acryl- 
ate) (1.46); poly(4-methylpentene-1) (1.46), polyvinyl acetate) (1 .47), ethyl cellulose (1.47), polyformaldehyde 

40 (1.48), polyisobutyl methacrylate (1.48), polymethyl acrylate (1.48), polypropyl methacrylate (1.48), polyethyl 
methacrylate (1.48), polyether block amide (1.49); cellulose acetate (1.49); cellulose propionate (1.49); cellu- 
lose acetate butyrate (1.49), cellulose nitrate (1.49), polyvinyl butyral (1.49), propylene (1.49); polybutylene 

(1.50) ; ionomeric resins such as Suriyn (trademark) (1.51), low density polyethylene (1.51), polyacrylonitrile 

(1 .51 ) , polyisobutylene (1 .51 ), thermoplastic polyesters such as Ecdel (trademark) (1 .52); natural rubber (1 .52); 
45 perbunan (1.52); polybutadiene (1.52); nylon (1.53); polyacrylic imides (1.53); polyvinyl chloro acetate) (1.54); 

polyvinyl chloride (1 .54); high density polyethylene (1 .54); copolymers of methyl methacrylate and styrene such 
as Zerlon (trademark) (1.54); transparent acrylonitrilebutadiene-styrene terpolymer (1.54); allyl diglycol resin 
(1 .55), blends of polyvinylidene chloride and polyvinyl chloride such as Saran resins (trademark) (1 .55); poly- 
alpha-methyl styrene (1.56); styrenebutadiene latexes such as Dow 512-K (trademark) (1.56), polyurethane 
so (1.56); neoprene (1.56); copolymers of styrene and acrylonitrile such as Tyril resin (trademark) (1 .57); copoly- 
mers of styrene and butadiene (1.57); polycarbonate (1.59); other thermoplastic polyesters such as polyethy- 
lene terephthalate and polyethylene terephthalate glycol (1.60); polystyrene (1.60); polyimide (1.61); polyviny- 
lidene chloride (1.61); polydichlorostyrene (1.62); polysulforie (1.63); polyether sulfone (1.65); and polyether- 
imide(1.66). 

55 The refractive indices reported above may vary somewhat at different wavelengths. For example, the re- 

fractive index of polycarbonate is somewhat greater for light in the blue region of the spectrum and somewhat 
lower for light in the red region of the spectrum. 

A condition for the selection of the polymers to make up the alternating layers of the body is that the poly- 
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mers selected have refractive indices which differ from each other by at least 0.1 . Further, the polymers should 
be compatible in processing temperatures so that they may be readily coextruded. By combining thick and very 
thin layers, it is possible to fabricate polymeric bodies which contain up to 80 percent or more by volume of a 
first polymer (the thick layers) and 20 percent or less by volume of a second polymer (the very thin layers). 
5 This may result in a multilayer structure which has properties similar to the first polymer alone. Further, the re- 
sulting laminate may form a structure stronger than would be possible using a combination of alternating thick 
layers alone. 

By selecting polymers having relatively large refractive index mismatches, highly reflective multilayer bod- 
ies may be produced since reflectance is dependent upon the number of layer interfaces and the refractive index 
10 mismatch at each layer interface. A particularly useful class of polymers for use in the present invention are 
miscible blends of polyvinylidene fluoride and polymethyl methacrylate. Such blends not only have a relatively 
low range of refractive indices, but also adhere well to polycarbonates having relatively high refractive indices. 
This eliminates the need for adhesive polymer layers in the body to bond other layers together in the multilayer 
construction. Additionally, polyvinylidene fluoride is a weatherable polymer possessing outstanding solvent re- 
ts sistance. Further, polyvinylidene fluoride/polymethyl methacrylate blends are significantly more ductile than 
polymethacrylate alone, which should aid in forming operations. 

Multilayer bodies in accordance with the present invention are most advantageously prepared by employing 
a muitiiayered coextrusion device as described in U.S. Patent Nos. 3,773,882 and 3,884,606. Such a device 
provides a method for preparing muitiiayered, simultaneously extruded thermoplastic materials, each of which 
20 are of a substantially uniform layer thickness. Preferably, a series of layer multiplying means as are described 
in U.S. Patent No. 3,759,647. 

The feedblock of the coextrusion device receives streams of the diverse thermoplastic polymeric materials 
from a source such as a heat plastifying extruder. The streams of resinous materials are passed to a mechanical 
manipulating section within the feedblock. This section serves to rearrange the original streams into a multi- 
25 layered stream having the number of layers desired in the final body. Optionally, this muitiiayered stream may 
be subsequently passed through a series of layer multiplying means in order to further increase the number of 
layers in the final body. 

The muitiiayered stream is then passed into an extrusion die which is so constructed and arranged that 
streamlined flow is maintained therein. Such an extrusion device is described in U.S. Patent No. 3,557,265. 

30 The resultant product is extruded to form a muitiiayered body in which each layer is generally parallel to the 
major surface of adjacent layers. 

The configuration of the extrusion die can vary and can be such as to reduce the thickness and dimensions 
of each of the layers. The precise degree of reduction in thickness of the layers delivered from the mechanical 
orienting section, the configuration of the die, and the amount of mechanical working of the body after extrusion 

35 are all factors which affect the thickness of the individual layers in the final body. It is necessary, however, that 
the optical thickness of a substantial majority of the individual layers of polymeric material be not more than 
0.09 micrometers or not less than 0.45 micrometers. 

Reflective polymeric bodies produced by the practice of the present invention may have a wide variety of 
potentially useful applications. For example, the bodies may be post formed into concave, convex, parabolic, 

40 half-silvered, etc. mirrors. If suitably flexible or rubbery polymers (elastomers) are utilized, the bodies may be 
bent or recoverabiy stretched into varying shapes. The mirror-like appearance may be accomplished by coex- 
truding a black or otherwise light absorbing layer on one side of the body. Alternatively, one side of the final 
body may be coated with a colored paint or pigment to provide a highly reflective mirror-like body. Such mirrors 
would not be subject to breakage as would glass mirrors. 

45 In some embodiments of the invention it may be desirable to incorporate coloring agents such as dyes or 

pigments into one or more of the individual layers of the polymeric body. This can be done to one or both of 
the outer or skin layers of the body, or alternatively, the coloring agent may be incorporated into one or more 
interior layers in the body. The coloring agents may be selected to give the polymeric body a metallic appear- 
ance other than its normal silvery appearance such as bronze, copper, or gold, for example. 

so Different colors such as black, blue, red, yellow and white may also be used. Typically, it is most desirable 

to use pigmented coloring agents in the interior layers to provide opaqueness and a mirror-like reflective quality 
and to use dyes on exterior surface layers. Coloring agents may be used in combination to provide desirable 
coloring and optical properties. For example, a pigmented white coloring agent may be used in an interior sur- 
face while a colored dye, such as blue, yellow, red, or green may be included on one or more surface layers 

55 to provide a unique reflective colored effect. 

Further, while the normal surface of the body is smooth to give a highly reflective silver appearance, in some 
instances it may be desirable to give the surface of the body a roughened or brushed appearance to simulate 
a brushed metallic appearance. Further, a solvent may be used to etch the surface of the multilayer body to 
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provide a matte or pewter look to the body. Additionally, the body may be embossed with a variety of patterns 
to provide desirable optica! effects. 

The reflective polymeric bodies may also be used as birefringent polarizers. Through proper selection of 
the polymeric materials making up the layers, a refractive index mismatch in one plane of the polarizer may be 

5 achieved. In a preferred method, the refractive index mismatch may be created after fabrication of the reflective 
polymeric body. The polymeric materials may be selected so that the first material has a positive stress optical 
coefficient and the second polymeric material has a negative stress optical coefficient. Stretching the body con- 
taining the two polymeric materials in a uniaxial direction causes them to orient and results in a refractive index 
mismatch in the plane of orientation to produce the polarizer. A broad band width of visible light passing through 

10 such bodies is polarized. This is in distinction to prior thin film multilayer polarizers which polarized only specific 
narrow wavelength ranges of light. 

Additionally, the highly reflective polymeric bodies may be fabricated as non-corroding metallic appearing 
articles for indoor or outdoor exposure. For example, the polymeric bodies may be fabricated into signs, or bright 
work for appliances. The bodies may be post formed into highly reflective parts such as automotive head lamp 

15 reflectors, bezels, hub caps, radio knobs, automotive trim, or the like, by processes such as thermoforming, 
vacuum forming, shaping, rolling, or pressure forming. The bodies may also be formed into silvery or metallic 
appearing bathroom or kitchen fixtures which do not corrode or flake. 

A number of different profiles may be coextruded in addition to sheets and films of the reflective polymeric 
materials. By profiles, we mean shaping of the multilayer body 1) in a forming die into sheets, channels, len- 

20 ticular cross-sections, round or elliptical tubes, and parisons, or 2) outside of a die by a post forming procedure. 
For example, decorative moldings such as wail moldings and picture frame moldings, automotive trim and home 
siding may be readily coextruded through forming dies. Use of a tubular extrusion die produces a multilayered 
metallic appearing pipe. Such tubular dies may also be used to produce parisons which may then be blow mold- 
ed into silvery appearing bottles and containers. Because the materials used in the construction of the body 

25 may be selected for given desired properties, the final body may be flexible or rubbery, producing an article 
which could be used as a variable focal length reflector by flexing the article to different degrees. 

The reflective polymeric bodies of the present invention may also be post formed into a wide variety of items 
such as two-way mirrors, black bodies for insulation, and solar intensifiers to concentrate solar radiation. The 
bodies may also be formed into dinnerware, tableware, containers, and packages. By the proper selection of 

30 the polymers which were used, such articles may be made to be microwavable. 

In order that the invention may be more readily understood, reference is made to the following examples, 
which are intended to be illustrative of the invention, but are not intended to be limiting in scope. 

Example 1 

35 

Employing an apparatus as generally described in U.S. Patent Nos. 3,773,882 and 3,759,647, a sheet of 
a reflective polymeric body was prepared. The sheet was approximately 1.2 mm in thickness and had 657 al- 
ternating layers (ABABAB) of polycarbonate and a polymethyl methacrylate/polyvinylidene fluoride blend. The 
respective polymers used were (1 ) bisphenol-A polycarbonate (BAPC): Calibre 302-22 (trademark of The Dow 
40 Chemical Company); (2) polymethyl methacrylate (PMMA): Cyro Acrylite H1 5-003, (trademark of Cyro Indus- 
tries); and (3) polyvinylidene fluoride (PVdF): Kynar 720 (trademark of Pennwalt). A substantial majority of the 
layers in the final sheet had optical thicknesses of at least 0.45 micrometers. The refractive index of BAPC (n^ 
was 1.590, while the refractive index of PMMA/PVdF (n 2 ) was varied by adjusting the blend composition as 
shown below. 

45 





Sample 


PMMA/PVdF Ratio 
(weight/weight) 


Refractive Index 
(n 2 ) (550 run) 


An 
(n 1 -n 2 ) 


50 


1 


100/0 


1.495 


0.095 




2 


80/20 


1.479 


0.111 




3 


60/40 


1.459 


0. 131 



A series of extruders, gear pumps, and static mixers fed molten polymer streams of BAPC (component A) 
and PMMA/PVdF blends (component B, which was derived from a salt and pepper extruder feed mixture) to a 
feedblock which provided a melt stream consisting of 83 alternating layers (ABAB — BABA structure). The 
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layered stream was subsequently passed through three layer multipliers which effected an increase in the total 
number of layers to 657. An additional extruder provided an outer skin layer of BAPC. The resulting construction 
was spread in a coathanger style die (width = 40.6 cm, die gap = 3.6 mm) and subsequently passed through 
cooling rolls in an S-wrap configuration. The BAPC and PMMA/PVdF materials were extruded at a temperature 
of 260°C. Components A and B were extruded at a rate of 9.5 kg/hr while the skin layer was extruded at a rate 
of 5.5 kg/hr. 

The reflectivity of the sheet was determined with a Beckman Model DU-7 spectrophotometer (equipped 
with a reflectance jig) for wavelengths ranging from 400 nm to 800 nm. The data obtained is shown below. The- 
oretical reflectivity was calculated using Equation 1, above. 



Percent 

PMMA/PVdF Ratio „ fc . Theoretical 

San " le (weight/weight) ^ 



1 100/0 43 44 

2 80/20 50 51 

3 60/40 73 58 

The results show that as the refractive index mismatch (An) between the A and B components is increased, 
the reflectivity of the body is increased, for bodies having the same number of layers. 

25 Example 2 

Using the same apparatus and polymers as in Example 1, a reflective multilayer body having 1313 alter- 
nating layers was coextruded. 

The refractive index of the BAPC (n 1 ) was 1.590, while the refractive index of the PMMA/PVdF (nj was 
30 varied by adjusting the blend composition as shown below. 



PMMA/PVdF Ratio Refractive Index An 
samp e ( we ight/weight) (n 2 ) (550 nm) (n 1 -n 2 ) 



1 100/0 1.495 0.095 

2 60/40 1.459 0.131 

The BAPC and PMMA/PVdF materials were extruded at a temperature of between 255°C and 265°C. The 
rates of extrusion were as follows: 



45 Sample PC (kg/hr) PMMA/PVdF (kg/hr) Skin 



(kg/hr) 



1 17 8.5 8.0 

2 20 6.5 7.5 



A reflective sheet was produced in which a substantial majority of the layers had an optical thickness of at 
least 0.45 micrometers. No iridescent color was observed. 

The reflectivity of the sheet was determined with a Beckman Model DU-7 spectrophotometer (operating in 
55 the transmission mode) for wavelengths ranging from 400 nm to 800 nm. The data obtained is shown below. 
The theoretical reflectivity was calculated using Equation 1 , above. 
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Percent 

PMMA/PVdP Ratio k . . t Theoretical 

Sample (weight/weight) Reflectivity 

1550 nmj 

5 1 100/0 60 59 

2 60/40 80 73 

to Again, the results show that by increasing the refractive index mismatch (An) between the A and B com- 
ponents, the reflectivity of the body is increased. 

Example 3 

15 A sheet of reflective polymeric body was prepared by employing the same apparatus described in Example 
1. The sheet was approximately 2.0 mm thick and had 1857 alternating layers of BAPC and PMMA 

A substantial majority of layers in the final sheet had optical thicknesses of greater than 0.45 mm. The re- 
fractive index of the BAPC was 1 .590, while the refractive index of the PMMA was 1 .495. 

The sheet was prepared by feeding molten polymer streams of BAPC (component A) and PMMA (compo- 
20 nent B) to a feed block which provided a preordained melt stream that consisted of 233 alternating layers (ABAB- 
--BABA structure). A protective boundary layer of BAPC was added. The layered stream was subsequently 
passed through three layer multipliers which effected an increase in the total number of layers to 1857. An ad- 
ditional extruder provided an outer skin layer of BAPC. 

The resulting construction was spread in a coathanger style die (width = 40.6 cm, die gap = 2.5 mm) and 
25 subsequently passed through cooling rolls in an S-wrap configuration. 

Component A was extruded at a rate of 23 kg/hr at 320°C, and Component B was extruded at a rate of 23 
kg/hr at 260°C. The protective boundary layer was extruded at a rate of 3 kg/hr at 260°C and the outer skin 
layer was extruded at a rate of 9 kg/hr at 260°C. 

Reflectivity was determined with a Beckman Model DU-7 spectrophotometer (operating in the transmission 
30 mode) for wavelengths ranging from 400 nm to 800 nm. The resulting data is shown below. The data for Sample 
2 was taken from sample 3 in Example 1 and is provided for comparison purposes. 

c , PMMA/PVdF Ratio mmb * C /, erC , ent t Theoretical 

Sample {wei , ht/weight) of Reflectivity Reflectivity 

' Layers (550 nm) 

1 100/0 1857 65 66 

2 60/40 657 73 58 



40 



Example 4 



The procedures and equipment described in the preceding examples were used to prepare a sheet of re- 
45 flective polymeric body. The sheet was approximately 3.2 mm thick and had 2625 alternating layers of PMMA 
and 4,4'-thiodiphenol/bisphenol-A (TDP/BA) copolycarbonate (coPC). The coPC had a TDP/BA molar ratio of 
3/1 and a refractive index of 1.636. BAPC was used to provide protective boundary layers and an outer skin 
layer. The refractive index mismatch (An) for the PMMA and TDP/BA coPC components was 0.141. 

For comparison, the same procedure was used to prepare a reflective sheet with 2625 alternating layers 
so of PMMA and BAPC and having a thickness of approximately 3.2 mm. The refractive index mismatch (An) for 
the PMMA and BAPC components was 0.095. 

The reflectivity of these two sheets was determined as described hereinbefore. The data obtained is shown 
below. 



55 



11 



EP 0 514 223 A1 



Sample PC Type An Percent Theoretical 

Reflectivity Reflectivity 

5 1 TDP/BA 0 . 1 in 9 i* 8 5 

2 BA 0.095 72 73 

Again, the results show that an increase in the refractive index mismatch (An) between the A and B corn- 
to ponents results in an increase in the reflectivity. 

While certain representative embodiments and details have been shown for purposes of illustrating the in- 
vention, it will be apparent to those skilled in the art that various changes in the methods and apparatus dis- 
closed herein may be made without departing from the scope of the invention, which is defined in the appended 
claims. 

15 



Claims 

1. A reflective polymeric body of at least first and second diverse polymeric materials and having alternating 
20 layers of said first and second polymeric materials, characterized in that said first and second polymeric 

materials differ from each other in refractive index by at least 0.1 and in that there is a sufficient number 
of said alternating layers and a sufficient majority of the individual layers of said body having an optical 
thickness of not more than 0.09 micrometers or not less than 0.45 micrometers, with at least one of the 
individual layers having an optical thickness not less than 0.45 micrometers, that essentially no perceived 
25 iridescence is reflected and/or at least 30 percent of light incident on the body is reflected. 

2. A reflective polymeric body as claimed in Claim 1 , wherein one of the said first and second polymeric ma- 
terials comprises a bisphenol A polycarbonate or a copolycarbonate of thiodiphenol and bisphenol-A. 

30 3. A reflective polymeric body as claimed in Claim 2, wherein the said one of the first and second polymeric 
materials comprises a bisphenol-A polycarbonate. 

4. A reflective polymeric body as claimed in Claim 2, wherein the said one of the first and second polymeric 
materials comprises a copolycarbonate of bisphenol-A and 4,4 '-thiodiphenol. 

35 5. A reflective polymeric body as claimed in Claim 4, wherein the said copolycarbonate comprises from 5 to 
80 mole percent 4,4'-thiodiphenol and from 95 to 20 mole percent bisphenol-A 

6. A reflective polymeric body as claimed in Claim 5, wherein the said 4,4'-thiodiphenol is present in a mole 
ratio of 3 to 1 relative to said bisphenoi-A. 

40 

7. A reflective polymeric body as claimed in Claim 1 , wherein one of said first and second polymeric materials 
comprises:- 

a. a copolymer of methyl methacrylate and vinylidene fluoride, 

b. a miscible blend of polymethy) methacrylate and polyvinylidene fluoride, 

45 c. a copolymer of methyl methacrylate, vinylidene fluoride, and a fluorocarbon monomer which is chlor- 

ofluoroethylene, chlorodifluoroethylene, chlorotrifluoroethylene, hexafluoroacetone, hexafluoropropy- 
lene, hexafluoropropene, pentafluoropropylene, trifluoroethylene, tetrafluoroethylene or vinyl fluoride, 
or 

d. a blend of polymethyl methacrylate and a fluoropolymer, wherein said fluoropolymer comprises a co- 
so polymer of vinylidene fluoride and a fluorocarbon monomer which is chlorofluoroethylene, chlorodi- 

fluoroethylene, chlorotrifluoroethylene, hexafluoroacetone, hexafluoropropylene, hexafluoropropene, 
pentafluoropropylene, trifluoroethylene, tetrafluoroethylene, or vinyl fluoride. 

8. A reflective polymeric body as claimed in Claim 7, wherein said material is 

55 a. a copolymer comprising in polymerized form from 95 to 5 mole percent methyl methacrylate and from 

5 to 95 mole percent vinylidene fluoride, 

b. a blend which comprises from 95 to 5 weight percent polymethyl methacrylate and from 5 to 95 per- 
cent polyvinylidene fluoride, or 
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c. a copolymer comprising in polymerised form from 90 to 1 0 mole percent polymethyl methacrylate, 
from 5 to 45 mole percent vinylidene fluoride, and from 5 to 45 mole percent of the said fluorocarbon 
monomer, or 

d. a blend which comprises from 95 to 5 weight percent polymethyl methacrylate and a from 5 to 95 
percent of the said fluoropolymer. 

9. A reflective polymeric body as claimed in Claim 8, which is a miscible blend of polymethyl methacrylate 
and polyvinylidene fluoride, wherein said polymethyl methacrylate is present in a weight ratio of 1 :1 relative 
to said polyvinylidene fluoride. 

10. A reflective polymeric body as claimed in Claim 7, wherein said material is :- 

a. a copolymer comprising in polymerized form from 0 to 60 weight percent methyl methacrylate and 
from 100 to 40 weight percent vinylidene fluoride, 

b. a blend which comprises from 0 to 60 weight percent polymethyl methacrylate and from 100 to 40 
percent polyvinylidene fluoride, or 

c. a copolymer comprising in polymerised form from 0 to 80 mole percent polymethyl methacrylate, from 
60 to 10 mole percent vinylidene fluoride, and from 40 to 10 mole percent of the said fluorocarbon mono- 
mer. 

11. A reflective polymeric body as claimed in Claim 1 , wherein said first polymeric material comprises polyvi- 
nylidene fluoride, and said second polymeric material comprises a copolymer of methyl methacrylate, and 
vinylidene fluoride, or a miscible blend of polymethyl methacrylate and polyvinylidene fluoride 



12. A reflective polymeric body as claimed in Claim 1 1 , wherein said first polymeric material is a blend com- 
prising from 100 to 45 weight percent polymethyl methacrylate and from 0 to 55 weight percent polyviny- 

25 lidene fluoride, or a copolymer comprising in polymerized form from 100 to 45 mole percent methyl me- 

thacrylate and from 0 to 55 mole percent vinylidene fluoride. 

13. A reflective polymeric body as claimed in Claim 1, wherein said first polymeric material comprises poly- 
methyl methacrylate and said second polymeric material comprises a copolymer of methyl methacrylate, 

so vinylidene fluoride, and a fluorocarbon monomer which is chlorofluoroethylene, chlorodifluoroethylene, 

chlorotrifluoroethylene, hexafluoroacetone, hexafluoropropylene, pentafluoropropylene, trifluoroethylene, 
tetrafluoroethylene, or vinyl fluoride. 

14. A reflective polymeric body as claimed in Claim 1 2, wherein said copolymer comprises from 0 to 80 mole 
35 percent methyl methacrylate, from 60 to 10 mole percent vinylidene fluoride, and from 40 to 1 0 mole per- 
cent fluorocarbon monomer. 

c 

15. A reflective polymeric body as claimed in any one of the preceding claims, in which at least 75 percent of 
said individual layers of said first polymeric material have an optical thickness of at least 0.45 micrometers. 

40 

16. A reflective polymeric body as claimed in any one of Claims 1 to 1 0, in which at least 75 percent of said 
individual layers of said first polymeric material have an optical thickness of at least 0.09 micrometers or 
less. 

17. A reflective polymeric body as claimed in any one of the preceding claims, in which said body comprises 
at least 500 layers. 

18. A reflective polymeric body as claimed in any one of the preceding claims, in which said polymeric body 
is therm oformable. 

50 19. A reflective polymeric body as claimed in any one of the preceding claims, in which a coloring agent is 
incorporated into at least one layer of said polymeric body. 

20. A reflective polymeric body as claimed in Claim 8, in which said coloring agent is a pigment or a dye. 

55 21 . A reflective polymeric body as claimed in Claim 9, in which said coloring agent is incorporated into at least 
one surface layer of said polymeric body. 

22. A reflective polymeric body as claimed in Claim 9, in which said coloring agent is incorporated into at least 
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one interior layer of said polymeric body. 

23. A reflective polymeric body as claimed in any one of the preceding claims, in which at least one surface 
layer has a brushed or roughened surface, in which at least one surface layer has been etched to provide 

5 a matte or pewter finish, or in which at least one surface layer has been embossed. 

24. A reflective polymeric body as claimed in any one of the preceding claims, in which at least one of said 
first and second polymeric materials is an elastomer. 

25. A reflective polymeric body as claimed in any one of the preceding claims, in which at least one of said 
10 first and second polymeric materials is an elastomer. 

26. A reflective polymeric body as claimed in any one of the preceding claims, in which said body is in the 
form of a sheet having two major surfaces, is extruded as a profile, is post formed into a profile. 

15 27. A reflective polymeric body as claimed in Claim 15, in which said body is in the form of a tube or a blow- 
molded container. 

28. A reflective polymeric body as claimed in any one of the preceding claims, which includes a barrier layer 
as an exterior layer of said body. 

20 

29. A reflective polymeric body as claimed in Claim 1 5, in the form of a sheet including a permanent protective 
skin layer on at least one major surface thereof. 

30. A reflective polymeric body as claimed in any one of the preceding claims, comprising a mirror like poly- 
25 meric article having at least first and second major surfaces and including at least one interior light ab- 
sorbing layer. 

31. A reflective polymeric body as claimed in any one of the preceding claims, in the form of a birefringent 
light polarizer which reflects light anisotropically, wherein said first and second polymeric materials differ 
from each other in refractive index by at least 0.1 in one plane of the polarizer. 

30 

32. The birefringent light polarizer of Claim 20, in which the difference in refractive index between said first 
and second polymeric materials is caused by stretching said materials in a uniaxial direction to orient said 
polymeric materials. 

35 



40 



45 



50 



55 



14 



EP 0 514 223 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 92 30 4491 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant t 



Relevant 
to < 



CLASSIFICATION OF THE 
APPLICATION (Int. 05) 



X 
A 



EP-A-0 404 463 (THE DOW CHEMICAL COMPANY) 

* page 3, Una 11 - page 4, line 47; claims 
1-3,5,6,8,11,12,15-17; example 1 * 

* page 5, line 16 - line 18 * 

* page 6, line 57 - page 7, line 22 * 

* page 8, line 2 - line 44 * 

EP-A-0 469 732 (THE DOW CEMICAL CO. ) 

* the whole document * 

WORLD PATENTS INDEX LATEST 

Oerwent Publications Ltd., London, GB; 

AN 91-218556 

& JP-A-3 139 603 (FUJITSU LTD.) 

* abstract * 

PATENT ABSTRACTS OF JAPAN ( FUJITSU LTD. ) 20 

July 1990 

& JP-2 186 302 

* abstract * 



1.2. 

15-32 

3.7 



G02B5/08 
B32B7/02 



4-14 



7-14 



7-14 



TECHNICAL FIELDS 
SEARCHED (Int. CLS ) 



G02B 
B32B 



The present search report has been drawn up for all claims 



FlKBVfMttCk 

THE HAGUE 



IM« »f ciacMlM Of U» MVtfc 

28 JULY 1992 



DERZ T. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O t non-written disclosure 
P : Intermedia 



T : theory or principle underlying the invention 
£ : earlier patent document, but published on, t» 

after the filing date 
D : document cited In the application 
L : document dted for other reasons 



of the same patent family, corresponding 



15 



